Introduction
Montmorillonite is a naturally occurring clay which has the ideal formula Al 2 O 3 .SiO 2 .HOH+nH 2 O.
When pre-treated with strong acids, the mineral may be used, for example, as a bleaching clay or in reactions which would otherwise be catalysed using proton or Lewis acids, such as the polymerizations of tetrahydrofuran [1] and epoxides [2] . Recently, monomers were found to intercalate into lattice layers of montmorillonite clay, permitting in situ polymerizations yielding polymer/clay nanocomposites. Several polymers, for example, polyamide (nylon-6) [3] , polystyrene (PS) [4] [5] [6] [7] [8] , and polystyrene-block-polyisoprene-block-polystyrene [9] , have been prepared via this route.
The cationic polymerization of epoxides, in the presence of hydroxyl-containing compounds, proceeds via two competitive mechanisms [10] [11] [12] [13] [14] [15] [16] [17] [18] :
(i) the active chain end mechanism (ACEM) in which three membered cyclic tertiary oxonium ions constitute the growing species, as detailed in Scheme 1 (a). Propagation is accompanied in this case by end-biting and back-biting reactions, giving rise to cyclics (di-, tri-or tetramer, depending on the epoxide used); and (ii) the activated monomer mechanism (AMM) in which propagation involves the addition of an activated (e.g., protonated) monomer onto the hydroxyl end-group of the initiator or the growing macromolecule, as shown in Scheme 1 (b). 
Scheme 1
In order to limit the formation of cyclic oligomers in these reactions and therefore reduce the possibility of the reaction following the pathway shown in Scheme 1(a), it is necessary to add the monomer slowly to the reaction medium so as to increase the probability that the monomer will be protonated and then go on to react with the present nucleophiles. If, as here, the chain end of the epoxide polymer is an alcohol, the addition of the protonated monomer effectively leads to the reformation of the alcohol chain end. If this is the dominant process, the formation of cyclic oligomers may be suppressed. It is worth noting that using a diol as initiator and HBF 4 as catalyst, Penczek prepared telechelic oligomers of epichlorohydrin and propylene oxide (PO) [19, 20] .
The cationic polymerization of alternative epoxides in the presence of diols have also been studied.
For example, Xu et al. [21] studied the case of 1,2-epoxy-3-nitropropane (ENP) with 1,3-butane-diol as initiator. The authors indicated the formation of oligomers with M n = 1100 g mol -1 , however, the end groups of these systems were not presented. Poly(propylene oxide) (PPO), another 1,2-epoxide, is widely used in industrial applications. For example, PPO diols and higher polyols are used for the preparation of polyurethanes and polyurethane elastomers. However, the cationic initiators used to make PPO are expensive and often give rise to impurities, such as chromium, mercury or antimony, in the end product which often render the material unsuitable for medical or veterinary applications and make its disposal in the environment problematic. In addition, such initiators require the use of very high or very low temperatures and high pressures during the polymerization reaction, and lead to relatively poor yields.
The purpose of this paper is to study the cationic polymerisation of PO using a montmorillonite clay which has undergone a proton exchange process (mag-H + ), a new, non-toxic cationic catalyst for heterocyclic monomers [22] . In contrast to the more usually used catalysts, mag-H + can be easily separated from the polymer and regenerated by heating to a temperature above 100 °C [23, 24] . The effects of the relative amounts of mag-H + and solvent used, and eventually, the mechanism, are discussed.
Experimental

Materials
1,2-Propylene oxide (PO) and ethylene glycol (EG) were purified by fractional distillation.
Dichloromethane and toluene were purified following standard techniques and used after distilling over their respective drying agents. These chemical were obtained from Aldrich.
Montmorillonite clay, or 'raw-maghnite' was obtained from ENOF Maghnia (Western of Algeria).
The protonated forms of montmorillonite (mag-H Maghnite and mag-H + samples were characterised by XRF (a Philips PW 2400XRF spectrometer at the Laboratory of Inorganic Chemistry, Granada University, Spain) using the LiB 4 O 7 fusion method.
XRD profiles for pressed powder samples were recorded on a Philips PW 1710 diffractometer using Cu-K α radiation (λ =1.5418 Å). IR absorption spectra were recorded on a ATI Matson FTIR N°9501165 spectrometer using the KBr pressed discs which were made up of 0. Si and 11.5 KHz for 27 Al.
Results and Discussion
Catalyst Structure
Various methods of analysis, such as 27 [27] reported that the decrease in the basal spacing indicates a loss of the interlayer H 2 O upon the replacement of Na + for H + . In particular, although the X-ray peak of the montmorillonite did not change substantially before or after the acid treatment, there was a decrease in the basal spacing. This implies that the original structure was well preserves after the acid treatment.
The effects of the acid activation process on the FTIR spectrum of the treated Maghnite ( Maghnite exhibits mainly the typical resonance at 2.9 ppm of octahedral aluminium ( [6] Al) in a phyllosilicate but also a small but significant contributions at 60 and 68 ppm assigned to aluminium tetrahedrally co-ordinated to oxygen ( [4] Al) [32, 33] . tetrahedral sheets with no aluminium in the neighbouring tetrahedral [34] . The resonance at -112 ppm corresponds to three-dimensional (3D) silica with no aluminium present, designed Q 4 (OAl) [27, 34] . 
Polymerization and Products Characterization
The results of experiments of PO polymerization induced by Mag-H + 0.25M are reported in Table   4 . For all these experiments the temperature was kept constant at 20 °C for 2 h. Figure 5 show the effect of the amount of Mag-H + on the polymerization rate of PO. As can be noted in this figure, the polymerization rate increased with the amount of Mag-H + . These results clearly indicate that an optimal rate of reaction is obtained at room temperature by polymerizing PO in bulk with Mag-H + proportion equal to 1 %. Under these conditions, monomer conversion reaches 80 % [23, 24] , and Njopwouo et al [35] , in the polymerization of N-vinyl pyrrolidone and THF by Mag-H + and the polymerization of styrene by montmorillonite, respectively.
In contrast, as depicted in Figure 6 , the molecular weight is inversely proportional to the amount of Mag-H. This finding is in good agreement with the proposal that Mag-H is present as the active initiator species since the number of those species should be related to their surface area. Similar results are obtained by Kadakowa et al. [36] , and Crivello et al. [37] , in the polymerization of lactones by Sn-montmorillonite and cyclohexene oxide by Cobalt respectively.
H-NMR Study
An investigation was devoted to the analysis of the PPO by 1 H NMR spectroscopy at 200 MHz (Table 6 and Fig. 7 Times (hr) Figure 6 . Effect of catalyst proportion upon the viscosimertic molecular weight. According to the work published by Oguni et al [38] and Ishimori et al [39] The signals of protons in the groups underlined in reaction (2) are to close to the corresponding signals from the chain, therefore hydroxyl end-groups were converted into the ester groups by reaction with trifluoroacetic anhydride. Thus, fourfold excess of (CF 3 CO) 2 O was added directly to the NMR tubes containing solution of PPO diol. The spectrum is shown in Fig. 8 The large amount of secondary hydroxyls shows that, for steric reasons, the activated monomer is preferentially attacked on the carbon atom located in the β position with regard to the CH 3 group, as it is illustrated below:
Similar results were obtained by Penczek and Lagarde in the case of epichlorhydrin and 1,2-epoxy-3-nitropropane [16, 17] .
Effect of Solvent
The data in Table 3 indicates that polymerizations carried out in solution leaded to higher molecular weights and narrower molecular weight distributions (MWDs) (M w /M n ). However, conversions in solution were smaller than the ones obtained in bulk polymerisation. Low conversions in solution polymerization may be explained by the difficult contact in heterogeneous phase, between monomer particles and the "initiating active sites" of "catalyst" surface.
Polymerization Mechanism
PO may be polymerized via a cationic pathway. According to the preceding discussion and the results of product analysis, we propose a cationic mechanism for the resulting reaction of 
Conclusion
In conclusion, we have found that acid-exchanged maghnite is effective as acidic catalyst for the ring opening polymerization of PO. The polymerization catalysed by Mag-H + , in the presence of ethylene glycol proceeds by activated monomer mechanism (AMM) to yield PPO. The polymerization proceeds smoothly, and a simple filtration is sufficient to recover the catalyst.
